We assessed the elasmobranch communities exploited by the bottom trawl fishery off the Balearic Islands (northwestern Mediterranean) by analysing two time series containing information with different levels of detail: 1) a longterm series containing the abundance indices of the whole elasmobranch community landed from 1965 to 2009; and 2) a shorter time series from 2000 to 2009 from two different data sources (daily sales records: 2000-2009; bottom trawl surveys: 2001-2009), with information that allowed the shelf and slope to be analysed separately and different community parameters and abundance indices to be studied. Temporal trends of all these variables were used as ecological status indicators and tested with generalized additive models and analysis of variance. They were finally summarised using the Traffic Light methodology. The long-term series showed two marked trends, an inter-annual decreasing trend that would be a consequence of the large increase in fishing effort, and an intra-annual trend with a clear peak in May in accordance with the seasonal biological cycle of these species. However, data from the last ten years revealed differences between the shelf and slope, as some parameters increased significantly over time on the shelf but did not follow any trend on the slope. The Traffic Light methodology captured these differences well, demonstrating its usefulness for interpreting ecological transitions at a glance.
INTRODUCTION
In recent years fishery assessment and management have progressively changed from the traditional monospecific approach to a new ecosystem approach that takes into account the complexity of ecosystems and their natural and anthropogenic variations (Browman and Stergiou 2004) . However, the high complexity of this new approach means that practical procedures need to be used, such as analysing smaller components of the system that can reflect environmental impacts (Rogers et al. 1999) . In this sense, elasmobranchs are considered indicators of fishing pressure owing to the high vulnerability and low recovery capacity of their populations (Stevens et al. 2000) .
In spite of this, little research has been carried out on this group, and the lack of accurate species-specific landings data in many European fisheries and the paucity of biological data have restricted population assessments (Ellis et al. 2005) . In the Mediterranean, there are numerous studies on demersal fish assemblages, but only recently have some papers focussed on the elasmobranch communities (e.g. Bertrand et al. 2000 , Capapé et al. 2000 , Massutí and Moranta 2003 , Gouraguine et al. 2011 .
The practical implementation of an ecosystem approach to fisheries means that ecological indicators need to be used (Jennings 2005) . These have to be summarised in a manageable way in order to express the complexity inherent to the ecosystems and provide evidence of environmental impacts (Rochet and Trenkel 2003) . A procedure that is currently popular is the Traffic Light (TL) approach (Caddy 2002) , designed to be a precautionary fisheries management framework in data poor situations (Caddy 1998 (Caddy , 1999 , but which can be extended to other scenarios independently of the amount of available data (Halliday et al. 2001) . TL displays time series indicators in a way that helps to give a clear visual impression of the likely transitions and relationships between the indicators (Caddy et al. 2005) . This methodology has been applied for single-and multi-species assessments both in the Atlantic and the Mediterranean (Caddy et al. 2005 , DFO 2005 , Ceriola et al. 2007 ) and tends to be more precautionary than traditional stock assessment methods (Koeller et al. 2000) .
The Balearic Islands (northwestern Mediterranean) has a long history of bottom trawl fishing, with a relatively small bottom trawl fleet performing daily fishing trips (Palmer et al. 2009 ). In these trips, vessels use four different fishing tactics associated with the shallow and deep continental shelf, and the upper and middle continental slope Massutí 2006, Ordines et al. 2006) . The main target species in these grounds are striped red mullet (Mullus surmuletus), European hake (Merluccius merluccius), Norway lobster (Nephrops norvegicus) and red shrimp (Aristeus antennatus) respectively. Shark species are an important bycatch of this fleet, and even reach proportions similar to the target species on the continental shelf (Carbonell et al. 2003) . Moreover, the contribution of skates and rays to the assemblages is higher than in nearby areas like the Algerian coast . In fact, the diversity of demersal elasmobranchs in the Balearic Islands and in other insular Mediterranean areas is higher than in adjacent waters off the mainland (Massutí and Moranta 2003) .
The objective of this paper was to assess the elasmobranch communities in the fishing grounds exploited by the bottom trawl fishery in the Balearic Islands, by analysing temporal variations of community abundance at different time scales (intra-and inter-annual) using different sources of information (experimental and commercial data).
MATERIALS AND METHODS
This work, whose study area covers the waters around the Balearic Islands (northwestern Mediterranean; Fig. 1 ), was performed by analysing two time series containing information with different levels of detail. The first one was a long-term historical time series (HTS) containing exclusively the monthly catch per unit effort (CPUEs; g·HP -1 ) of elasmobranchs from the bottom trawling fleet of Mallorca, the largest island of the Balearic Archipelago, between 1965 and 2009. The second one was a shorter time series containing information from two different sources and which allowed the shelf and slope to be analysed separately. This time series contained 1) daily sales records (DSB) from the trawl fleet of Mallorca between 2000 and 2009, from which the daily CPUE of elasmobranchs was obtained for each individual boat throughout the year (kg day -1 boat -1 ), and 2) annual bottom trawl surveys (BTS) from 2001 to 2009, performed during late spring and early summer following the international MEDITS protocol (Bertrand et al. 2002) . In these surveys, the total biomass (kg km -2 ), total abundance (n km -2 ), species richness (S), Shannon's diversity index (H') and mean fish weight (MFW; g) of elasmobranchs taken between 45 and 765 m depth were analysed. Except in the case of HTS, whose data contained global commercial categories before the 2000s (see Table 1), data were analysed separately for the continental shelf and slope elasmobranch communities. This was possible for the BTS data, since sample depth was recorded, and also for the DSB data using the methodology for classifying fishing tactics developed in a previous work (Palmer et al. 2009 ). It should be noted that species included in each commercial category can change over time (Morey and Navarro 2010) , and in the case of HTS only three commercial categories were reflected, although they probably included other species.
For each series, the elasmobranch catch composition was obtained at different taxonomic levels depending on the data source: commercial categories in the HTS and DSB and species-specific in the BTS. The percentages of each category/species in relation to the total elasmobranch biomass were calculated.
Temporal trends in the different community variables reported in the three data sources were analysed using General Additive Models (GAMs; Hastie and Tibshirani 1990), which allow density-dependent and density-independent effects in population dynamics to be analysed (e.g. Ciannelli et al. 2004 , Chen et al. 2005 . GAMs were implemented in the R package, using variations of GAM formulations, as implemented in the mgcv library (Wood 2004) . The model selection criterion was based on minimising the generalized cross validation (GCV); low values indicated the best compromise between model complexities (e.g. number of parameters) and observed data. In the GAMs, the different response variables (abundance indices, S, H' and MFW) were analysed using both year (in all models) and month (in the HTS and DSB) as explanatory variables. When it was not possible to fit a significant model using GAMs, analysis of variance (ANOVA) was applied to test temporal variations in the descriptive variables.
Finally, the temporal trends for all the above mentioned variables were summarised using the Traffic Light procedure (Caddy 1999 , 2002 , Koeller et al. 2000 . TL is a system of red, yellow and green colours that categorize multiple indicators of the state of a fishery or ecosystem. Red is considered to be bad, yellow as intermediate and green as good. A number of options are available for establishing boundaries for TL, such as Limit Reference Points, a percentage of the average value or the 33 rd and 66 th percentiles (Halliday et al. 2001 ). We applied this last option. A mean value for each of the indicators was calculated by year and a different colour was assigned if this value was under the 33 rd percentile (red, bad state), between the 33 rd and 66 th percentile (yellow, intermediate state) or over the 66 th percentile (green, good state).
RESULTS
Considering all three available data sources, it was determined that there is a total of 25 elasmobranch species in the fishing grounds of the Balearic Islands (Table 1 ). In the commercial catches, the predominant species were Galeus melastomus, Scyliorhinus canicula and Raja clavata, both for the long (HTS) and short (DSB) time series. However, data from the DSB, together with data from BTS, showed clear bathymetric differences, with a predominance of S. canicula and R. clavata over the shelf and G. melastomus over the slope. The rest of the species represented low percentages of the biomass, several of them below 1%. Both the input variables and the results from the GAMs for each modelled parameter (abundance indices, S, H' and MFW) and data source (HTS, DSB and BTS) are presented in Table 2 . The HTS showed a marked non-linear inter-annual decreasing trend throughout the years but also a clear seasonal trend, with CPUEs being highest during late spring-early summer (Fig. 2) . The deviance explained by the GAM was nearly 50% and both year and month were highly significant. Different results were found over the shelf and the slope with the DSB data (Fig. 3) . In the first case, the GAM was significant both for year and month, with a bimodal distribution with maximum values in 2003 and 2009 . Seasonal data agreed with the trend found using the HTS, with maximum values in late spring-summer. For the slope we could not fit a significant GAM model, but the ANOVA showed a marginally significant peak of elasmobranchs at the end of the data series (2009, F 1,9 =1.944, p<0.1) and minimum values during summer (F 1,11 =3.045, p<0.05). For the BTS, GAMs were not significant for the biomass or the abundance, either on the shelf or the slope (Fig. 4) Fig. 5 ).
To summarize, all the results were displayed using the TL approach (Fig. 6) . The HTS showed that the elasmobranch communities were in good condition from 1965 to the mid-1980s (green), but shifted to a bad condition during the mid-1990s (red) after a short period displaying an intermediate condition (yellow). The remaining data series (DSB and BTS) gave a closer insight into the 2000s, which showed differences between the shelf and slope results. Whereas no clear trends could be determined on the slope, since all three colours were heterogeneously distributed, the shelf data revealed a markedly better situation during the late 2000s than during the early 2000s for all ecological indicators.
DISCUSSION
This study used an approach based on multiple indicators to provide an initial description of the status of the demersal elasmobranch communities off the Balearic Islands. It is difficult to use traditional stock assessment methods for elasmobranchs due to the lack of accurate species-specific landings data and the paucity of biological data, which is partly because they are a common but unspecified bycatch in many fisheries, including demersal trawls, long-lines and gillnets (Stevens et al. 2000 , Ellis et al. 2005 . In fact, few countries have any form of management for these resources, and little baseline data have been collected because sharks have historically been of low economic value in most countries. Using the Traffic Light (TL) methodology allowed us to determine changes that have occurred in the community and made it possible to assess the status of the population. Depicting indicator time series using TL provides a single framework for summarising results from different data sources, thus making them easy to understand as changes can be clearly seen.
Nevertheless, in some cases the multi-species indicators have revealed some difficulties in interpretation. When indicators are analysed at the community level, the different response of the more resilient species to the direct and indirect impacts of fishing could have compensated the decrease in the long-lived species, which makes the information provided by the multispecies indicators difficult to interpret (Ceriola et al. 2008) . Ceriola et al. (2008) suggested that the lack of clear trends in the elasmobranch biomass index could be related to the high exploitation level in their study area (southern Adriatic Sea) that kept the elasmobranchs at a relatively low but steady level. This is not our case, because previous studies have considered the first part of the series as a period of under-exploitation for six analysed stocks (Quetglas, pers.comm.), including a category of elasmobranchs, mainly composed by S. canicula and R. clavata. Thus, in our study, the use of indicators for assessing the demersal elasmobranch communities off the Balearic Islands has shown a very clear decreasing trend from 1965 to 2009. However, during the last years a slight improvement in the state of the community from the shelf has been detected, but there is no clear trend on the slope. Commercial fisheries are considered to be the biggest threat to elasmobranch species in the Mediterranean (Cavanagh and Gibson 2007) due to the vulnerability of these species related to their slow-growth, late attainment of sexual maturity, long life spans and low fecundity (Stevens et al. 2000) . In fact, the proportion of threatened oceanic pelagic elasmobranchs is more than double that of all assessed chondrichthyans (Dulvy et al. 2008) , and many demersal elasmobranchs have been severely depleted or their abundances decreased in some areas (e.g. Aldebert 1997 , Bertrand et al. 1998 , Casey and Myers 1998 , Garofalo et al. 2003 , Ellis et al. 2005 . The diversity of demersal elasmobranchs in the Balearic Islands is higher than in adjacent waters off the Iberian Peninsula. This archipelago can be considered among the areas with the highest diversity in the Mediterranean, which has been related to a lower intensity in fishing exploitation (Massutí and Moranta 2003) . The higher occurrence and abundance of threatened deep water sharks in nearby Algerian waters have been related to the fact that there is less deep water trawl fishing in this area compared to the Balearic Islands (Mouffok et al. 2008 . However, not all species are equally sensitive to the impact of fishing exploitation (Rogers et al. 1999) , and large, late maturing species appear to be most vulnerable (Stevens et al. 2000) . For instance, Etmopterus spinax is considered to be extremely vulnerable to the fishing impact even within the general context of high elasmobranch vulnerability (Coelho and Erzini 2008) . This species shows a clear decline in abundance in the red shrimp fishery of this area, which indicates that displacing the fishing effort to these bottoms could have begun to show its effect on the most vulnerable species . The fishing effort in the Balearic Islands increased between 1965 and 2008 (Quetglas, pers. comm.) , but in different phases, increasing faster in the first period (1965-mid 1970s) , then at a slower rate until 1994, at which point it gradually decreased. These authors demonstrated with a GAM that landings and effort (in HP) acted proportionally during the time series analysed (as in this study). This is a required property if the total effort has to be calculated for the entire fleet. During the last decades, a reduction in the bottom trawl fishing effort on the shelf bottoms of the archipelago has been detected and related to the displacement of this fishery towards greater depths , Hidalgo et al. 2009 , and also to the reinforcement (or extension) of some areas in the Balearic islands that are closed to trawling (e.g. areas with submarine cables, marine protected areas, agreements between fishers to avoid trawling in some areas of the shelf during summer). It is expected that these measures would have affected the elasmobranch communities positively , at least over the shelf. This could explain the different trends found in the recent data for the shelf and slope; however, another explanation for this could be the different recovery capacities of the species. Once overfished, many shark populations would take several decades to recover (Stevens et al. 2000) and the benefits of management measures such as Marine Protected Areas for sharks and rays would be only detectable in the long-term (Morey et al. 2006) . However, the ability to recover from exploitation depends on the life histories of the different species. Thus, sharks with the lowest recovery potential tend to be late-maturing medium to large-sized coastal sharks, whereas those with the highest potential are small coastal, early-maturing species (Smith et al. 1998) . In this sense, the slight recovery observed in the elasmobranch community on the shelf, which has not been observed on the slope, could be related to differences in the recovery potential of the predominant species in each of the bathymetric assemblages.
Higher abundances of elasmobranchs have been detected during late spring and summer in the historical data series and on the shelf in the more recent data. However, a significant decrease in July-August was found on the slope. This lower values of catches per unit effort during summer on the slope could be related to an increase in the fishing effort during these months. because the bottom trawl fleet concentrates on the middle slope fishing grounds located in northwestern Mallorca during summer, targeting the large aggregations of mature females of the red shrimp Aristeus antennatus . The biological characteristics of elasmobranchs seem to be related to their higher abundance during late spring and summer. In the study area, more elasmobranchs were caught with trammel nets in late spring and early summer, which is related to movement patterns in relation to reproductive behaviour, like mating related aggregations (Morey et al. 2006) . In the eastern Mediterranean, seasonal patterns have been related to recruitment. Four benthic skates show higher relative densities during summer and autumn when young of the year specimens enter the fishery (Damalas et al. 2009 ) on the west Portuguese coast. The lowest values of species richness were recorded in spring and the highest values in autumn, which could be related to the reproductive or latitudinal migratory habits of these elasmobranch species (Baeta et al. 2010) .
The relationship between environmental factors and elasmobranchs has been little studied. Walker (1998) pointed out that certain shark fisheries are advantageous as they can produce relatively stable yields which are less prone to interannual environmental effects compared to the fisheries of most teleost stocks. The heterogeneity of bottoms, their sediment type and the widespread occurrence of sensitive and essential fish habitats in the Balearic Islands (Ordines and Massutí 2009 ) are possible explanations for the higher values of abundance, biomass, species richness and diversity compared to the waters off the Algerian coast . Biogeographic factors could be the basis of the above mentioned differences between the Balearic Islands and the Iberian Peninsula (Massutí and Moranta 2003) . In fact, sediment type has a considerable effect on distribution and habitat selection of benthic Rajidae in the Mediterranean as they are closely related to the substrate (Damalas et al. 2009 ). The presence of relatively abundant stocks of Squalus acanthias and Squalus blainvillei in heavily exploited areas (i.e. S. acanthias in the northern Adriatic Sea or S. blainvillei in Sicily Straits) and their near absence in other areas with far lower fishing pressure (Tyrrhenian and Ionian Seas), suggests that other environmental factors may be determinant for the current distribution and abundance of these species in the Mediterranean (Serena et al. 2009 ).
This work was a first attempt at assessing the state of elasmobranch communities in the Balearic Islands; however, further studies need to be performed taking into account not only the role of fishing pressure but also the importance of environmental factors on the state of these vulnerable species. It is also important to carry out species-specific studies, as virtually nothing is known about the status of individual stocks and this is very useful information due to the different levels of vulnerability these species can show.
